The study provides evidence of the phage 49 abortive infection in the lysogenic culture of Erwinia horticola 450(59 As a component of phage-host "arms-race", the abortive infections (Abi) interrupt the productive phage development targeting translation, replication, genome packaging and assembly of mature virions [1, 12] . The Abi-mediated "suicide" of infected cells leads to the release of few or no progeny particles and prevents the spreading of infectious virus within the bacterial population [10, 12] .
As a component of phage-host "arms-race", the abortive infections (Abi) interrupt the productive phage development targeting translation, replication, genome packaging and assembly of mature virions [1, 12] . The Abi-mediated "suicide" of infected cells leads to the release of few or no progeny particles and prevents the spreading of infectious virus within the bacterial population [10, 12] .
Although many Abi-systems (Abis) have been found in various bacteria, they are the most well-studied for lactic acid bacteria [3] . A highly effective Abis, designated ToxIN, has been described for the phytopathogenic Pectobacterium carotovorum subsp. atrosepticum [4] . An Abis inherents for the pectolytic bacterium P. carotovorum subsp. carotovorum was detected in the course of infection with bacteriophage ZF40. It is characterized by the overproduction of separate phage capsids [9] .
Recently, a study of polyvalent T7-like bacteriophages development in the presence of prophage elements has demonstrated that phage FE44 is restricted when single or double lysogens of non-pectolytic phytopathogenic bacterium E. horticola are infected [3] . Phage infection led to the formation of aberrant capsids in phage progeny that point out at the abnormal virion assembly of T7-like phages as a result of an abortive infection.
Despite its abundance in the nature, Abis remain insufficiently studied in comparison with the lysogenic or lytic development of bacteriophages. Thus, the aim of this research was to study the characteristics of abortive infection in the lysogenic system of E. horticola 450(59) under the propagation of phage 49.
Materials and methods.
The object of the study was the phage 49 of E. horticola. The strain E. horticola 450 lysogenized by erwiniophage 59 was used as an indicator culture.
For lysogen construction, phage was applied on the bacterial lawn of the parental strain E. horticola 450. Then, cells from the zones of secondary growth were cultivated in the broth (LB). After serial cloning, bacteria were analyzed for the lysogenic induction ability and resistance to lysogenisation by homoimmune phage [3] .
The phage lysates were obtained by the confluent lysis. The phage particles were concentrated and purified by differential centrifugation (the SW28 rotor, Spinco L7-70, 24,000 g, 3 h, 10 o С). The profound purification and density estimation of the phage particles were carried out by centrifugation in the preformed cesium chloride gradients with using the SW55 rotor at 35,000 rpm, 4 h, at 10 o С [13] . Micrographs of the phage particles, contrasted with 2% uranyl acetate solution, were taken with the electron microscope JEOL1400.
SDS-PAGE-electrophoresis of the structural polypeptides of the phage virions was performed with the standard method by Laemmli [7] . Electrophoresis data was processed with the help of the computer program Total Lab (version 2.01).
Statistical data analysis was done in Microsoft Excel and STATISTICA [9] .
Results.
In the earlier studies [11] it was shown that phage 49 and 59 are heteroimmune representatives of the polylysogenic system of E. horticola. This allows us to explore the lytic and lysogenic process under the lysogenic state of the host formed by one of them. For this purpose, a monolysogenic strain E. horticola 450(59) was constructed.
The obtained results have shown that phage 49 is a subject of considerable restriction by E. horticola 450(59). In this case, the efficiency of plating (EOP) decreases to 88% in comparison with the reference EOP on the parental strain E. horticola 450. In addition, it should be noted that the further plating on the lysogenic culture resulted in the formation of unusual and much smaller negative colonies.
Preparative obtaining of the phage 49 particles on the lysogenic strain E. horticola 450(59) has shown the reduction of phage progeny release. In comparison with the control experiments with the parental non-lysogenic culture E. horticola 450, the phage 49 titer decreased 1-2 fold and was estimated at 10 10 PFU/ml. The CsCl gradient centrifugation of the obtained phage lysates has indicated that sedimentation profiles ( fig. 1A) are characterized by the prevalence of the band with a low buoyant density (1.35 g/сm 3 ). Based on the electron microscopy data it was determined that the band with low density in CsCl-gradient contains incomplete virions and separate phage components with an excess of capsid structures ( fig. 1B) . The histogram on the fig. 2 indicates that there are several classes of capsid structures with sizes 55-60 nm (I class), 65-70 nm (II class) and 91-96 nm (III class). All of the mentioned capsid classes were characterized by the similar structure with an explicit coat. The electron microscopy data suggest that capsid structures of the I class dominate in the lysates. Their diameters are similar to the head size of native phage particles (53 nm). In addition to incomplete virion particles and capsid structures, the occasional separate phage tails occur on the electron micrographs. Apart from that, some unusual entities were identified. Their structure is similar to phage tails but are characterized by a much greater length ( fig. 3) .
Fig. 3. Polytails (pointed arrows) in the lysates of bacteriophage 49
The width and length of the tail within the intact infective phage 49 virions equal 7.7 ± 0.3 nm and 153.2 ± 4.2 nm, respectively. The width of the phage tail-like particles found in the lysates was not reliably different from the one in the native phage (8.1 ± 0.5 nm). However, their length was several times greater (200-700 nm).
Further research aimed to prove that the detected capsid structures are the intermediate products of virion formation. Using gel filtration chromatography on a column with Toyopearl HW-75, the fractions enriched by capsid structures of different classes were obtained. This was confirmed by the electron microscopy data of the samples. After that, we performed a comparative analysis of polypeptide profiles of capsid structures from different fractions and native phage particles.
According to the electrophoregram presented on fig. 4 , the peptide profile patterns are similar. But the profiles of fractions with capsid structures contain an additional protein band with molecular weight of 36 kDa, which does not present among the structural proteins of native phage particles. Discussion. Bacteria are well recognized to impact natural ecosystems, industrial processes and human health. Recently, bacteriophages have also gained relevance as they modulate the processes through cell lysis, horizontal gene transfer and metabolic reprogramming during infections [10] . For better understanding of the roles of phages in nature, an understanding of their possible interactions with their hosts is necessary [2] .
Most of the in vitro studies are based on the idea of phage development in according to the lytic or lysogenic life cycle. At the same time, numerous data indicate that phages have diversity of possible life cycles depending on the interaction with their physical environment and bacterial host. Such widespread phenomena as pseudolysogeny, chronic and abortive infection are difficult to study due to the absence of adequate models and methods [2, 5] .
In fact, the arms-race between phage and bacteria is predicted to have an impact on global nutrient cycling, on global climate, on the evolution of the biosphere, and also on the evolution of virulence in pathogenic hosts. Faced with the rapid evolution and turnover of phage particles, bacteria have evolved various phage resistance mechanisms (the restriction-modification and CRISPR/Cas systems, abortive infections, etc.) [6, 10] . This paper is devoted to the study of the interaction between the phage 49 and the amilovora-like bacterium E. horticola 450(59). It was found that the endogenous genetic elements, such as integrated heteroimmune prophages 59, interfere with the exogenous phage 49. The phage exclusion is expressed in the EOP reduction and the excess of aberrant capsid structures in lysates. The identity level of the polypeptide profiles of native virions and fractions with enriched capsid structures indicates that the observed capsid structures are relevant to the bacteriophage assembly. This assumption is supported by the fact that the capsid structures of dominated class are similar in size to the capsid of native particles. Additionally, numerous polytails in the lysates refer to a significant disruption of virion morphogenesis.
The obtained results suggest that the abortive infection occurs in the case of phage 49 reproduction on the lysogenic heteroimmune culture E.horticola 450(59). Although the development of the Abi phenotype is associated with the integration of a prophage element in the genome of the host bacteria, the mechanism and genetic determinants of this phenomenon are unknown and require further study.
